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CONCBEKINO  THE  PHOBLEM  OP  THE  DECOMPOSITION 
MECHiNiSM  OP  AMMONIUM  PERCHLORATE 

by 

A.V.  RAYBVSKIT  and  O.B.  MANELIS 


There  is  a  very  comprehe.isive  literature  on  the  thermic  decomposition 
of  ammonium  perchlorate  (1~9)«  However,  sufficient  attention  has  not  been 
given  to  the  problem  of  the  development  of  a  reaction  in  the  single  crystals 
of  'the  salt.  Biroiunshaw  (2)  established,  in  the  course  of  microscopic  obsexr- 
vations  of  partially  decomposing  crystals,  that  the  process  of  decomposition 
develops  at  discrete  nuclei.  Beyond  this,  there  were  no  detailed  studies  con*- 
ducted  by  him.  An  accurate  numerical  study  of  the  kinetics  of  the  formation, 
siae,  and  development  of  the  nuclei  appears  to  bo  of  significant  interest  for 
the  purpose  of  deteamiining  the  reaction  mechanism  in  the  single  crystals  of 
ammonium  perchlorate.  In  connection  with  this,  miorocinemstography  of  the  de¬ 
composition  process  was  oonduotod  on  the  single  orysials  of  ammonium  perchlorate 
In  addition  to  the  miorosoopio  observations,  kinetic  curves  of  the  thermal  de¬ 
composition  were  plotted  for  the  single  crystals,  NH^CIO^  "in  air",  relative  to 
weight  loss. 

The  crystals  NH^CIO^,  having  a  dimension  of  0,5  to  5®m,,  were  grown 
from  an  aqueous  solution  at  room  temperature.  The  ammonium  perchlorate  was, 
first,  reorystallsed  twice.  The  decomposition  of  the  specimens  was  conducted 
in  a  apeolal  heating-stage,  and  in  isothermic  conditions  (the  temperature  pre- 
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oition  of  th«  mpeolmen  was  malntainad  at  ±  Obaarvation  and  raoording 

vaa  aoooBpllahad  with  the  nlorooaaara,  lOCU-l  • 

The  kinetic  ourrea  of  deoompoaition  for  the  aingle  oryatala, 
were  plotted  on  a  miorobalanoe  idiioh  haa  an  autonatio  regiatrationt  ^la 
derioe  waa  dereloped  at  a  branch  of  the  Inatltute  of  Cheiaioal  Fh;^aloa  of  the 
Aoadeagr  of  Solenoea)  USSR*  It  haa  a  regiatration  praoialon  of  jk  O.O^mg* 

^e  mloroaooplo  analyala  of  the  deconpoaitlon  proocac  of  anunonium  per¬ 
chlorate  at  temperaturea  of  210-236^  (below  the  temperature  of  phaae  tranaition) 
ahow9d)  that  deoompoaition  reaction  beglna  at  diaorete  pointa  of  the  oryatal 
and  derelopa  by  meana  of  a  growth  of  the  erolwing  nuclei*  The  generation  of 
the  nuoleua  oooura  oloae  to  the  aurfaoe  of  the  aingle  oryatal,  at  a  depth  of 
20-30  microna*  At  auffioiently  large  mij^ifioationa  (aprox*  lOOOx),  it  ia 
apj>arentj  that  the  nuolui  of  the  deoompoaitional  reaction  do  not  have  a  leg¬ 
ible  boundry,  and  oonaiat  of  a  large  nuiriber  of  apherloal  aeeda  {fi  1-2^)*  The 
formation  and  growth  of  the  nuclei  occur  by  means  of  a  fualon  of  the  aeeda 
which  originate  close  to  the  growing  nuoleua*  Slow-motlon  miorophotography 
indicated,  tha<;  after  generation,  the  aeeda  are  in  continuous  motion  tmtll 
they  fuse  with  the  basic  core  of  the  nucleus*  The  seeds  primarily  move  In  a 
forward  and  backward  direction,  parallel  to  the  main  diagonal  of  the  rhombus, 
with  a  velocity  of  7-10^  per  minute  at  230°*  The  seeds  move  faster  when  they 
are  smaller,  and  they  traverse  a  path  shioh  is  hundredths  of  times  greater  than 
their  linear  alse.  The  core  gives  the  appearance  of  a  static,  prolated  nucleus 
which  is  surroimded  by  a  cloud  of  moving  aeeda* 

Lateral  to  the  rhombic  face  of  the  single  crystal,  the  nuclei  have  a 
cigar-shaped  form*  The  primary  growth  oooura  in  the  direction  of  the  main 
diagonal  of  the  rhombus*  The  growth  of  the  nuclei  oooura  at  a  constant  speed, 
and  takes  place  in  a  lengthaiiie  direction  ten  times  more  often,  than  in  a  cross¬ 
wise  manner*(9ee  Table  1 ) 
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215 

11 

0,8 

0,9 

220 

13 

1.2 

1.4 

225 

17 

1,6 

2,0 

230 

25 

2,4 

2,9 

235 

34 

3,3 

4,0 

250 

5,7 

255 

6,6 

260 

— 

8,0 

265 

9,0 

272 

— 

— 

— 

11,0 

Table  1 «  (1  )■  temperature.  (2)  »  yU/minute 

Note  I  -  lengthwise  speedj  Vg  -  crosswise  speed  of  nuclei 
growth,  lateral  to  the  rnomhio  facej  V3  -  growth  rate 
of  the  nuclei,  lateral  to  the  rectangular  face;  - 
rate  of  nuclear  growth  after  the  phase  transition. 

The  activation  energy  of  the  lengthwise  growth  is  31  ±  1  Koal/molej 
for  the  crosswise  growth  -  33  +.  1  Koal/mole,  The  spread  of  values  for  the 
growth  rate  of  both  one  and  diverse  crystals  did  not  exceed  5?^* 

The  nuclei  of  deoomjposition,  lateral  to  the  rectangular  face  of  the 
crystal,  are  similar  to  a  hemisphere  in  shape.  Spallation  fragments  of  the 
single  crystal  are  produced  across  the  nuclei  of  decomposition  and  are  parallel 
to  the  rhombic  face.  This  indicated,  that  only  in  very  rare  cases,  a  trail 
consisting  of  distinct  seeds  radiates  from  the  nucleus  to  the  depth  of  the 
crystal.  The  activation  energy  of  the  nuclei  growth  rate,  which  is  generated 
at  the  rectangular  faces,  is  33  i  1  Kcal/mole. 

Figure  1  shows  the  growing  nuclei,  lateral  to  the  rhombic  and  rectang~ 
ular  faces.  Since  the  reaction  nuclei  develops  anisotropicly,  then  the  effects 
of  the  crystal  habitus  should  be  e35)eoted  on  the  total  reaction  rate  of  the 
ammonium  perchlorate  decomposition.  The  kinetics  of  thermic  decompositicn  for 
single  crystals  having  an  identical  weight,  but  with  a  distinct  habitus,  was 
analysed  by  the  gravimetric  method.  Prom  figure  3»  it  is  apparent,  that  the 
reaction  rate  increases  with  an  increase  of  the  surface  segment  which  is  pre¬ 
sented  by  the  rhombic  facets. 

In  the  temperature  range  which  is  higher  than  the  temperature  of  phase 
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traniition  in  the  cubic  modification  of  KH^CIO^,  the  deoompoeition  proceed* 
aoroBC  the  nucleus  and  devolopa  through  the  entire  ▼oltine  of  the  oryetal*  The 
shape  of  the  -luolei  is  similar  to  a  sphere  and  ha*  clear  contour*.  The  genesr- 
ation  occur*  at  a  single  point,  whereupon,  the  nucleus  beginii  to  grow  and  dev- 
e’iope  into  a  fusion  with  adjoining  nuclei.  {3ee  figure  2)  The  aotivation  en¬ 
ergy  of  the  growth  rate  by  the  nuclei  in  this  oaae  is  17  ±1  Koal/aole. 


Figure  1.  The  Nuclei  of  becompositioai  a  -  lateral  to  the  rhombio  (300X), 
b  -  lateral  to  the  rectangular  (lOOX)  face  of  the  NH^CIO^  single 
crystal  (t«220®) 


Fig.  2.  View  of  the  nuclei  of  decom¬ 
position  (lOOX)  in  *  single  crystal 
after  phase  transition  (t-265®) 


Urnlm 


Fig.  3.  Effect  of  the  habitus  on  the 
kinetics  of  decomposition  for  the 
SHjCIO.  single  orystala.  The  area 
reiatidnships  of  the  rhombio  and  rec¬ 
tangular  facet*  are  2.5  »  1  for  the 
ovirve  1,  and  are  1*1  for  the  ourre  2. 
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In  tboftt  oaaeS)  whare  tha  Initial  crystal  contained  a  large  number  of 
growth  defects,  the  phase  transition  at  'I'-238-240®  proceeded  imperceptibly^ 
cracks  and  strains  were  formed  in  the  crystal,  and  a  reaction  developed  at  the 
defective  spots  whloh  were  produced. 

In  addition,  it  appeared  interesting  to  show  the  characteristic  feat¬ 
ures  of  decomposition  for  the  single  crystals  of  HH^CIO^  during  the  action  of 
a  catalytic  aigent  for  ammonium  perchlorate,  i.e.,  carbon  (8).  Mioro-oinema- 
tography  of  the  decomposition  process  (t«230*^)  for  the  single  crystals  of 
IfH^ClO^  which  were  sprayed  with  a  translucent  film  of  carbon  showed,  that  the 
number  of  nuclei  significantly  increases,  and  ther^  is  an  increase  of  the 
growth  rate  in  a  transverse  direction*  In  this  case,  there  was  no  discernible 
variation  in  the  mechanism  of  nuclear  formation  and  growth.  The  experiment¬ 
ally  observed  regularities  of  the  reaotion  developement  in  the  crystals  of 
ammonium  perchlorate  can  bo  explained  as  deriving  from  the  following  supposi¬ 
tions. 

In  the  ionic  lattice  of  NH^CIO^,  an  electron  is  transfered  into  the 
zone  of  conductivity  from  an  ion  of  CIO^-  and  with  the  formation  of  a  partiole 
of  CIO^.  The  electrons  are  partially  captured  at  the  traps  with  the  formation 
of  a  pair  of  uncharged  particles  *  CC10|].  The  concentration  of  similar 

types  of  oomplexes  displays  a  thermodynamic  equilibrium.  A  stage,  kinetically 
limiting  the  reaction  rate,  is  exhibited  by  the  decomposition  of  the  complex 
(or  particles  CIO^)  with  the  formation  of  intermediate  products  (atoms  or  radi¬ 
cals)  which  are  rapidly  being  converted  into  final  products. 

The  introduoticn  of  electron  donors  or  acceptors,  and  the  variation, 
in  this  way,  of  the  semiconducting  properties  of  the  crystal,  increases  or 
decreases  the  electron  concentration  in  the  zone  of  conductivity,  and  thereby 
change  the  balanced  concentration  of  particles  [CIO^]*  Besides  this,  the  num¬ 
ber  of  free  traps  will  vary,  and  thereby  vary  the  concentration  of  complexes 

•  [CIO*],  In  this  way,  it  may  be  possible  to  explain  the  variation  of 
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the  deooopoeltion  rate  during  the  presence  of  oarhon*  As  is  known  from  solid 
state  physios,  the  electron  traps  oan  concentrate  in  the  vicinity  of  disloc¬ 
ations  and  similar  types  of  defects*  Since  the  dislocations  are  distributed 
in  the  crystal  unevenly,  then  the  reaction  is  generated  only  at  definite  points 
idle re  the  defectiveness  is  greater*  During  the  reaction  at  distinct  points, 
the  crystal  is  sub;jeoted  to  mechanical  effects  due  to  the  accumulation  of  pro¬ 
ducts  at  the  reaction  nuclei*  This  leads  to  the  emergence  of  strains,  and  as 
a  result,  to  the  developement  of  a  new  lattice  of  dislocations  around  the  groin¬ 
ing  nucleus*  Owing  to  the  anisotropy  of  the  mechanical  properties,  the  disloc¬ 
ations  develops  with  a  primary  distribution  along  definite  axes  of  the  crystal, 
which  also  leads  to  the  anisotropy  of  the  nuclear  growth  rate*  The  seeds, 
which  were  observed  at  temperatures  below  phase  transition,  are  seemingly  ves¬ 
icular,  and  are  Impregnated  with  the  products  of  decomposition*  Their  move¬ 
ment  is  probably  connected  with  the  thermal  motion  of  the  dislocations* 
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